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Final  Report 

Task 12 

A Study of the  Microbial Burden Accumulated on Assemblies Bu i l t  i n  EASL 
Under Conditions of Disrupted Vert ical  Laminar Downflow 

I. Introduction 

The purpose of Task 12 was t o  determine t h e  e f f e c t s  of d i s rupt ing  

laminar downflow i n  t h e  EASL assembly f a c i l i t y  on t h e  microbial  burden 

accumulated on hardware assemblies. The normal spec i f ied  environment 

was maintained i n  EASL with regard t o  temperature (70 C 

humidity (45% 

the  downflow w a s  disrupted through t h e  use of a 30° aluminum cone 6 f t .  

i n  diameter and 3 f t .  h i g h .  The e f f e c t  of t h i s  d i s rupt ion  on accumulated 

microbial  burden during assemblies was demonstrated under the  following 

1 

0 
10' C ) ,  

7%) and air ve loc i ty  (75 ft . /min. f 20 f t . /min . ) ,  bu t  

conditions: 

1. Noma1 EASL en.vironment - condit>ion A 

2. Assembler and worktable under center  of t he  cone - condition B 

3. Assembler under cone; worktable under edge of cone - 
condition C 

Same arrangement as i n  condition C with horizontal  laminar 

a i r f low directed over the  worktable toward t h e  assembler - 
condition D .  Conditions B, C,  and D a r e  i l l u s t r a t e d  i n  

Figure 1. To determine the  e f f e c t  of these  conditions on 

t h e  burden, three sequent ia l  t imers (Fig, 2 )  were b u i l t  under 

each set of conditions, including normal environment as a 

cont ro l .  

4. 
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11. Materials and Methods 

A. Environmental Sampling 

1. Intramural A i r  - Reynier air  samplers were located i n  the  

assembly a rea  as i n  Figure 1 f o r  each s e t  of environmental conditions.  

A i r  samples were co l lec ted  1/2 hour before, once each hour during, 

and for 1/2 hour following each 4-hour assembly period. 

2. Microbial Fa l lou t  - Two trays of s t a i n l e s s  s t e e l  f a l l o u t  

s t r i p s  were placed as shown i n  Fig. 1 f o r  each assembly. Three s t r i p s  

were col lected from each t ray  immediately after they were exposed i n  

EASL, and three  s t r i p s  during each hour of the  assembly period, f o r  

b i o a s s w  . 
3. Worktable Surface Microbial Burden - Rodac impression p l a t e s  

were used t o  sample the  surface of t he  worktable before,and three  times 

during each assembly. Sampling sites are shown i n  Fig. 1. 

4. Microbial Burden under Area of Cme. S ta in less  s t e e l  s t r i p s  

1" x 2" x . O l 5 " *  were attached t o  the inside surface of the cone as 

shown i n  Fig. 3. 

moved f o r  bioassay. The select ion of coupons f o r  determination of 

microbial  burden w a s  based on the  air  flow pa t t e rn  under the  cone. 

This flow pa t te rn  w a s  demonstrated by observing the  d ispersa l  of ti- 

tanium,,c l o r i  e smoke. 

During each assembly a t o t a l  of 36 coupons were re- 

t e t r a  (A 16 mm color film of the  smoke t e s t  w a s  made.) 

5. Microbiological assays of f a l l o u t  s t r i p s  and coupons, as w e l l  

as incubation of Reynier and Rodac p l a t e s ,  were done according t o  NASA 

2 Standard Procedures. 

B. Preparation of Supplies 

A l l  timer p a r t s  and t o o l s ' f o r  the assemblies were decontaminated 

i n  ET0 p r i o r  t o  assembly. Supplies f o r  environmental sampling and 

%is thickness s t r i p  used t o  allow s t r i p  t o  be f i t t e d  t o  s l i g h t l y  curved surface.  
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. .  
microbiological assays were prepared and s t e r i l i z e d  p r i m  t o  use ac- 

2 cording t o  NASA StandardProcedures f o r  each type of material. 

C. 

of the  timers, Personnel 

masks, and rubber gloves. 

D. Assembly Procedure and Sequence of Construction - see Appendix A. 

El. Disassembly Procedure - See Appendix B. 

F. Pa r t s  L i s t  and Assay Groups - See Appendix C 

Personnel Clothing Requirements - For assembly and disassembly 

were required t o  w e a r  s ter i le  gowns, hoods, 

All procedures involved i n  assembly and disassembly were monitored 

and logged by Qual i ty  Assurance personnel. 

111. Results 

The microbial burden of the  intramural a i r  a s  monitored by Reynier 

samplers i s  shown i n  Table 1. The values recorded include b a c t e r i a l  

and fungal colonies as viable p a r t i c l e s / f t . 3  of intramural a i r .  The 

surface burden on the worktable as demonstrated using Rodac p l a t e s  i s  

recorded i n  Table 2 as colonies/rodac p l a t e .  Table I11 l i s t s  the  viable  

pa r t i c l e s / f t . 2  of surface as determined from the  f a l l o u t  s t r i p s .  

microbial burden on the  coupons from the  underside of the cone i s  l i s t e d  

i n  Table 4 as viable particles/coupon. 

The 

Table 5 contains the  microbial 

counts from the timer par t s  assay groups. Table 6 shows the  statis-  

t i c a l  re la t ionships  . among t he  intramural air  microbial burden samples 

under each set of EASL environmental conditions. 

IV. Discussion 

The data  shared increases i n  microbial  burden i n  t h e  environment 

(Table 1) and on the  worktable surface (Table 2) during conditions 

- 3- 



of disrupted dawnflaw, espec ia l ly  when both the assembler and the 

worktable were under the center of t he  cone. (Condition B).  The 

addi t ion of the hor izonta l  laminar f l o w  directed towards the worktable 

decreased t h e  surface burden, and the intramural air burden when the 

individual  sampling values are considered, e spec ia l ly  i n  the  areas 

outside the cone. 

increase i n  the burden col lected f r o m t h e  air sampler t o  the  rear of 

t h e  assembler, under t he  cone. 

sen ts  t h a t  burden washed off t h e  worktable and the assembler by the 

hor izonta l  airflow. Although t h e  individual  values obtained from 

in t r amurd  a i r  samples outside the  cone w i t h  the added hor izonta l  

laminar f l o w  were lower than those i n  the  absence of t h i s  type of 

airflow a s t a t i s t i c a l  analysis of the data revealed no s ign i f i can t  

difference i n  i n t r m r d  a i r  burden between the two sets of environ- 

mental conditions. All experimental environmental va r i a t ions  showed 

a s ign i f i can t  increase i n  intramural air  microbial  burden i n  compa- 

r i s o n  t o  the data obtained under normal EASL f a c i l i t y  conditions.  

I n  this case, however, there w a s  a s ign i f i can t  

This increased burden probably repre- 

v. 

V I .  

Occasional d i f f i c u l t y  i n  e i the r  assembling or disassembling the timers 

as w e l l  as sk in  exposure resu l t ing  from t o r n  gloves may have contributed 

t o  the burden found on the  timer assay groups. 

Conclusions 

1. The mic rob id  burden of the  intramural air was s i g n i f i c a n t l y  in-  

creased during the  assemblies ca r r i ed  out  under a l l  the  experimental 

conditions of disrupted v e r t i c a l  laminar downflaw. 

Recommndat ions 

1. Add a source of horizontal  laminar airflow onto the work surface 

during the construction of hardware under conditions of disrupted 

ver t ical .  laminar dawnflaw. 
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Sampling Rodac 
H O W  Site* 

Left 1 

1. 2 

Right 1 

2 

Lef t  1 

2 

Right 1 

2 

L e f t  1 

3. 2 

Right 1 

2 

Table 2 

Microbial Burden On Worktable Surface 

. - - - -. - 

C 0 N D 1 T I O N -  AW-0 N D I T I  O N  
Colonies/Rodac Plate - Aerobic Mesophiles 

+:C 0 N D I T I 0 N 
T i m e r T i m e r  Timer 

2% 2 3 

1 

4 

2 

2 

7 

1 

1 

8 

0 

5 

0 

2 

0 

0 

0 

1 

5 

0 

0 

0 

0 

0 

0 

0 

0 

1 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

T i m e r  Timer Timer 
4 5 6 

1 

7 

1 

0 

0 

2 

1 

0 

0 

2 

0 

1 

50 

6 

3 

4 

0 

3 

0 

0 

1 

0 

0 

0 

1 

0 

1 

2 

0 

0 

0 

0 

0 

1 

0 

0 

Timer Timer  Timer  
7 8 9 

4 

2 

0 

6 

1 

1 

1 

1 

13 

2 

14 

0 

16 

4 

44 

3 

11 

0 

9 

0 

5 
1 

9 

5 

1 

21 

0 

0 

0 

4 

2 

2 

3 

0 

0 

1 

>* C 0 N D I T I O  N I 
Timer T imer  Timer  

10 11 12 

0 

0 

0 

0 

0 

0 

0 

0 

1 

0 

0 

1 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0 

0 0  

0 1 

0 0 

0 0 

0 0 

0 0 

* See Figure 1 
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Table 3 

~ -- 

T i m e r  T imer  Timer 
7 8 a 

* 
Exposure S i t e  
Time 

Hour 

Control 

L e f t  

1 

Left 

Right 

Left 

3 

Right 

Microbial Burden on Stainless  S t e e l  Fal lout  S t r i p s  

' Av%rage of s ix  s t r i p s  
Viable Pa r t i c l e s / f t .  2 Surface - Aerobic Mesophiles - each Sampling Time 

!ondition A* 

' h e r  Timer Timer 
1 2 3 

0 

0 

0 

0 

0 

24 

24 

0 

0 

0 

0 

0 

216 

0 

0 

0 

432 

0 

0 

0 

0 

Condition B* 

Timer Timer  Time] 
4 5 6 

0 

115 

0 

115 

0 

0 

24 

,o 

115 

0 

0 

0 

0 

0 

0 

216 

0 

0 

0 

No Growth on Anaerobic P la tes  

Condition C* 

0 

260 

0 

0 

0 

0 

0 

0 

0 

0 

11.5 

72 

115 

0 

0 

0 

0 

0 

260 

0 

1-15 

Condition D* 

T i m e r  Timr T i m e r  
10 11 12 

0 

115 

0 

0 

0 

0 

115 

0 0 

0 0 

0 0 

0 0 

43 0 

0 0 

0 0 

* .- See Figure 1. 
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Table 4 

Microbial Burden on Sta in less  S t e e l  Coupons Ins ide  Cone 

Viable Particles/Coupon - Aerobic Mesophiles - Av. of 2 Plates/Assay 0 Condition W Condition C* Condition W 

Timer T i m r  T imer  Timer  Timer  T i m e r  Timer Timer  Timer  Exposure Coupon Cone 

4 5 6 7 8 9 10 11 12 
Time Nunbe* Area* 

A 0 0 0 0 0 0 0  0 0 
Hour B 

C 
1 1 F 

A 
5 B 

C 
F 

A 

C 
F 

9 B 

A 
2. 2 B 

C 
F 

A 

C 
F 

6 B 

A 
10 B 

C 
F 

A 

C 
F 

3. 3 B 

A 
7 B 

C 
F 

A 
11 B 

C 
F 

Wee Figure 3 

0 
0 
0 

0 
0 
0 
10 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
5 

108 

0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
5 
0 

10 
0 
0 
0 

0 
0 
0 
5 

0 
0 
5 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
5 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

5 
0 
0 
70 

0 
0 
0 
0 

5 
0 
0 
0 

0 
0 
0 
5 

0 
0 
0 

5 
0 
0 
0 

0 
0 
0 
0 

0 
0 
25 
0 

0 
0 
0 
0 

5 
0 
0 
0 

0 
5 
0 
0 

0 
5 
0 
0 

0 
0 
0 
0 

0 
0 
0 

0 
0 
0 
0 

0 
0 
5 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 

0 

0 
0 
0 
0 

0 
0 
0 
0 

45 

0 
0 
0 

5 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 

10 
0 
0 
0 

0 
0 
0 
0 

5 
0 
0 
0 

0 
0 
0- 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

5 
11 
0 
0 

0 
0 
5 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
5 

0 
0 
0 
0 

0 
0 
0 

5 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
5 
0 

0 
0 
0 
0 

0 
0 
0 
0 

0 
0 
0 
0 
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Assay Group 
Numbern 

1 

75 1-15 5 

3 
4 

125 20 125 

b 

7 
8 
,.. 
Y 
10 

11 

12 

; 5  
16 
17 
18 

19 
20 

Tot a l /T imer  

Table 5 

Microbial Burden On Assay Groups* of Timrs 

ega a t  
Jondition B* ondition A* 

'imer Timer  Timer 
1 2 3 

0 0 

0 0 

0 0 
0 0 

0 0 

0 0 

10 0 

0 0 

0 10 

0 0 

0 0 

0 0 

0 0 

65)  0 

5(5) 20 

5 0 

0 0 

10 0 

0 

0 

0 
0 

0 

0 
0 

0 

0 

0 

5 
0 

0 

40m 
0 

0 

0 

0 

30 45 0 

L'imerTimer Timer  
4 5 6 

0 0 5 
0 0 0 

0 0 0 
0 0 0 

( 5 )  

'5) 0 0 

o 363') o 
0 0 0 

0 0 0 

0 5 0 

0 0 0 

0 0 0 

0 0 0 

0 0 0 

0 0 280H 
0 0 0 
5(5) 0 0 

0 0 5 
4 5 )  0 0 

0 0 5(5) 
30 140 0 

45 180 15 

5 
5 
0 
0 

40 
0 

0 

0 

0 

0 

5 
0 

5 
5 
0 

0 

0 

0 

0 

10 

15  
0 

0 

0 

0 

10 
2k2c 
5(5) 

65 
0 

0 --- 10 20 

0 20 

0 

0 

0 

0 

0 

0 

0 

0 

30(20) 0 

5 0 

0 0 

5(5) 0 

5 0 

0 5 
0 0 

0 0 

0 0 

10 0 

0 

0 

5 
5 
50 
0 

0 

10 

5 
0 

0 

10 

0 
0 

0 

0 

0 

0 

No Growth on Anaerobic Plates 

* - See Figure 2 
- See Figure 1 

+w+ - This pa r t  possibly contaminated i n  sonicator tank --- 
( )  - Spore Count 

- Assembly could not be completed due t o  d i f f i c u l t y  i n  assembling previous par t s .  

a 1 
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. *  
. .  Table 6 

The Difference i n  Microbial Burden i n  the W L  Intramural 

A i r  Under Variations of Vertical Downflow 

Par t ic les / f t .  3 Significance EASL Environment 

As sembler/Worlctable 
Condition B: Under Cone 

Assembler Under Cone 

Horiz. Laminar Flow 
Condition D: Worktable a t  Edge 

Assembler Under Cone 
Worktable at Edge 

Condition C: 

Condition A: EASL Within Spec. 

0.04* 

0 . o m  

O.Ol* 

0.001~ L . 1  

1 

* Analysis of data by Student 's  "t" Test. - Significance l e v e l  = .05 
Jc3c These values represent the  ari thmetic averages of a l l  values 

obtained from the intramural air  samplings under each set  of 
conditions. 
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OP. NO. 

10. 

20. 

30 

APPENDIX A 

ASSEMBLY OPERA'I'ION SEQUENCE 

PART NO. 100 - HOUSING ASSEMBLY 

ASSEMBLE PART NO. 60-1 S T O P  ARM ON SMOOTH P08T OF PART 

NO. 90 HOUSING, FOLLUW WITH PART NO, 50-1 FIAT WASHER. 

COMPLETE ASSEMBLY BY AL!PXRNATING PART NOS, 60-2 THRU 

60-10 AND PART NOS. 50-2 THRU 50-10. 

ASSEMBLE PART NOS. 40-1 S P R I N G  THRU 40-10 ON EEFSATED 

POST OF PART NO. 90 HOUSING. 

60-1 THRU 60-10 S T O P  ARM UNTIL COMPLETION OF OPERATION 

NO. 3. 

DO NOT I N S E R T  SPRING UNDER 

B S m L E  PART NO. 80 HOLDING RING TO PART NO. 90 

HOUSING USING (3) NO. 70 S C R W .  

- 15- 



APPENDIX A 

OP. NO. 
-I_ 

10. 

20. 

30 

ASSEMBLY OPERATION SEQUENCE 

PART NO. 200 DRIVE SHAFT ASSEMBLY 

ASSEMBLE PAR" NO. 110-1 SPRING,  FLAT ON PART NO. 190 

DRIVE SHAFT, FOLLOW WITH PART NO. 120-1 FLAT WASHER AND 

PART NO. 130-1 STOP RING. CONTINUE WITEI THIS SEQUENCE 

FOR PART NOS. 110-2 THRU 110-10, PART NO. 120-2 THRU 120-10, 

AND PART NOS. 130-2 THRU 130-10. 

ASSEMBLE PART NO. 180 LOCK RING (SPANNER T Y P E ) ,  ON PART 

NO. 190 DRIVE SHAFT AND SCREW LOCK I N  POSITION.  ASSEMBLE 

(2) PART NO. 140 FLAT WASHER (DRIVE SHAFT LOWER). 

ASSEMBLE PART NO. 170 LOCATING RING TO PART NO. 190 DRIVE 

SHAFT THEN INSERT PART NO. 160 DRIVE P I N .  ASSEMBLE (2) 

PART NO. 150 FLAT WASHERS (DRIVE SHAFT TOP). 

-16- 



a 
OP. NO. 

10. 

20. 

30 

40. 

50 

60. 

70 

80. 

a 

ASSEMBLY OPERATION SEQUEmCE 

PART NO. 300 TOP ASSEMBLY 

ASSEMBLE PART NO. 200 DRIVE SHAET ASSY. TO PART 140. 100 HOUSING 

ASSY. 

PART NO. 60-1 THRU 60-10 LOCK ARM I N  PART NO. 100 HOUSING ASSY. 

ASSEMBLE PART NO. 295 CALIBRATION GEAR HOUSING TO PART NO. 200 

DRIVE SHAFTASSY.  INSERT PART NO. 285 P I N  DRIVE SHAFT LOCK 

INTO PART NO. 200 DRIVE SHAFT ASSY. 

INSERT PART NO. 40-1 THRU 40-10 SPRING (LOCK ARM) UND'ZR 

ASSEMBLE PART NO. 290 LQCK, DRIVE SHAFT USING (2) PART NO. 280 

SCREWS, ALLEN. 

ASSEMBLE PART NO. 275 HOUSING GEAR TO PART NO. 200 DRIVE 

SHAFT ASSY. AND PART NO. 100 HOUSING ASSY. 

ASSEMBLE PART NO. 265 GEAR, ROLLER BEARING TO PART NO. 200 

DRIVE SHAFT ASSY. I N S E R T  PART NO. 255 P I N ,  KEEPER INTO DRIVE 

SHAFT. 

ASSEMBLE PART NO. 260 RING, HOLDING, PART NO. 250 SPRING, P R E S S U m ,  

PART NO. 245 WASKER BEARING AND PART NO, 240 BEARING (LOWER DRIVE 

SHAFT).  

ASSEMBLE (4 )  PART NO. 235 POST, STAND-OFF TO PART NO. 100 HOUSING 

ASS. USING (3) PART NO. 230 scm, (POST, STAND-OFF) AND (1) 

PART NO. 225 SCREW, POST (POST, STAND-(3") WITH (4)  PART NO. 215 

WASHER, FLAT KEY. 

ASSEMBLE PART NO. 220 PLATE, LOWER (CASTING) TO DRIVE SHAFT AND 

PART NO. 235 POST, STAND-OFF USING (4)  PART NO. 210 STAND-OFT, 

THREADED. 
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EASL Environments during construction. 

1st Timer #1 

2nd Timer #4 

3rd Timer #s 
4th Timer  #6 

5th  Timer  #2 

6th  Timer  $7 

Timer Number EASL Condition 

1, 2 and 3 EASL on environmental 
spec i f i ca t ion  

7 th  Timer #8 

8th  Timer  #9 
9th  Timer #3 

10th  Timer #10 

11th Timer  #11 

12th Timer #12 

4, 5 and 6 EASL a t  83OF and 
20-25% R.H. 

7, 8 and 9 EASL a t  83OF and 4576 RH 
o r  as c lose  t o  45$ as possible .  

10, 11 and 1 EASL on spec i f i ca t ion  f o r  
temperature and r e l a t i v e  humidity 
but  blowers shut down during 
construct ion of the timers 

Sequence of timer construction 

1. Timer w i l l  be assembled i n  t h e  following chronological order: 

A s  sep'bly 
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APPENDIX B 

OP. NO. 

10. 

DISASSESIBLY OPERATION SEQUENCE * 
PART NO. 300 TOP ASSEMBLY 

DISASSEMBLE (4) PART NO. 210 STAND-OFF, THREADED, (1) PARI? 

NO. 220 PLATE, LOWER (CASTING), ( 3) PART NO. 230 SCREW 

POST, STAND-OFF), (1) PART NO. 225 SCREW, POST (POST, STAND-OF") 

(4)  PART NO. 215 WASHER, FLAT KEY AND (4)  PART NO. 235 POST 

STAND- OFF. 

ASSAY GROUP (1) THRU (3) 

1. (4 )  e10 STAND-OFF THFEADED, (3) SCREW 

(1) e 2 5  SCREW, POST AND (4)  j@35 POST, STAND-OF?? 

2. (1) #220 PLATE, LOWER (CASTING). 

3. (4) #2l5 WASHER, FLAT KEY. 

* This operation was performed at a horizontal  laminar flow 
bench. 
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. '  . .  ' .  

APPENDIX B 

OP. Ivo. 

20. DISASSEMBLE (1) PART NO. 240 BEARING (IXIWER DRNE SHAFT), 

(1) PART NO. 245 WASHER, BEARING, (1) PART NO. 250 SPRING, 

PRESSURE, (1) PART NO. 260 RING, HOLDING, (1) PART NO. 255 

PIEJ, KEEPER, (1) PART NO. 265 GEAR, ROLLER BWRING,  (1) PART 

NO. 275 HOUSIEJG GEAR. 

4. 

5. 

6, 

7. 

(1) #24O BEARING, (1) #245 WASHER, BEARING, 

(1) e 5 5  P I N  KEEPER AlpD (1) #260 RING HOLDING 

(1) #250 SPRING, PRESSURF:. 

(1) #256 GEAR, ROLLER BEARING 

(1) e 7 5  HOUSING, GEAR. 
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. .  - .  APPENDIX B 

OP. NO. 

30 DISASSEMBm (2) PART NO. 280 SCREW, ALLETS, (1) PAR" 

NO. 290 LOCK, DRIVE SHAFT, (1) PART NO. 295 CALIBRATION 

GEAR HOUSING AND (1) PART NO. 285 PIN, DRIVE SHAFT LOCK. 

ASSAY GROUP (8) 

8. (2) #80 SCREW, ALW, (1) #290 LOCK, DRIVE 

SHAFT, (1) #285 P I N ,  DRINE SHAFT LOCK AM) 

(1) #295 CALIBRATION GEAR HOUSING. 
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OP. NO. 

40. 

50 

DISASSEMBLY PART 190. 200 DRIVE SHAFT SUB-ASSY. FROM PART 

NO. 100 HOUSING ASSY, BY RELEASING THE SPRING TEEISION ON 

THE (10) LOCK ARMS. 

DISASSEMBLE THE NO. 200 DRIVE SHAFT ASSY. AS FOLLOWS: 

REMOVE ( 5 )  PAR!C NO. 140 WASHER, FLAT (DRIVE SHAFT LOWER), 

(2) PART NO. 150 WASHER, FLAT (DRIVE SHAFT TOP). 

PART NO, 160 DRIVE PIN FROM PART 170 LOCA!CING RING Amm, 

PART NO. 190 DRIVE SHAFT. SLIP LOCATING RING FROM DRIVE 

SHAFT. REMOVE PART NO, 180 LOCK RING. DISASSEMBLE THE 

REMOKE 

(10) PART NO. 130-1 THRU-10 STOP RINGS, (10) PART NO. 110-1 

THIW-10 SPRINGS AM) (9) PART NO. 120-1 THRU-9 W A S € E R S  FLAT 

ASSAY GROUP (9)  THRU (14) 

9. 

10, 

11, 

12, 

13 

14, 

( 5 )  #140 WASHEPS, FLAT (DRIVE SHAFT LOWER) AND 

(2) #150 WASHERS, FLAT (DRIVE SHAFT TOP). 

(1) #160 DRIVE PIN, (1) #170 LOCATING RING AND 

(1) #180 LOCK RING. 

(10) #130-1 THRU-10 STOP RING. 

(10) # l l O - l  THIN-10 SPRINGS 

( 9 )  #120-1 THIN-9 WASHERS, FLAT 

(1) #190 DRIVE SHAFT. 
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. -  

APPENDIX B 

OP. no, 

60. DISASSEMBLE THE PART NO, 100 HWSIIVG SUB-ASSY AS FOLLOWS: 

REMOVE (3) PART NO. 70 SCREWS FROM PART NO. 80 HOLDING 

RIHG AND PART 110. 90 HOUSIWG. USING SCREW DRIVER REMOW3 

PART BO. 80 HOLDING RING. 

OFF (10) PART NO. 50-1 THRU 50-10 WASHER, FLAT AND (10) 

PART NO. 60-1 THRJ 60-10 LOCK ARMS. 

HOJSING POST REMOVE (10) PART NO, 40-1 THRU 40-10 

SPRINGS. 

FRCX THE HOUSING POST SLIP 

FROM THE OPPOSITE 

ASSAY GROW (15)  THEN (20) 

15. (3)  #70 SCREWS 

16. (1) #80 HOLDING RING 

17. (10) #61-1 THRU-10 LOCK ARMS 

18. (10) #50-1 THIN-10 WASHERS FLAT, 

19. (10) #40-1 THRU-10 SPRINGS 

20. (1) #&O HOUSING. 
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. .  

100 

90 

80 

70 

60- 1 

-2 

-3 

-4  

- 5  

-6 

-7 

-a 
-9 

- 10 
50- 1 

-2 

-3 

-4 

- 5  

-6 

-7 

-8 

-9 

- 10 

APPENDIX c 
PARTS LIST 

SUB-ASSY. #loo 

QTY. - 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
- 24- 

HOUSING ASSEMBLY 

HOUSING 

HOLDING RING 

SCREW (HOLDING RING) 

LOCK ARM 

LOCK ARM 

LOCK ARM 

LOCK A H  

LOCK ARM 

LOCK ARM 

LOCK ARM 

LOCK ARM 

LOCK AIiM 

LOCK ARM 

FLAT WASHER 

FLAT WASHER 

FLAT WASHER 

FLAT WASHER 

FLAT WASHER 

FLAT WASHER 

FLAT WASHER 

FLAT WASHER 

FLAT WASHER 

FLAT WASHER 



PART NO. 

40-1 

-2 

-3 

-4 

-5  

-6 

-7 

-a 
-9 

- 10 

APPENDIX c 

PARTS LIST 

SUB-ASSY #lo0 CONT. 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

NOMENCLATURE 

SPRING (LOCK ARM) 

a 
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200 

190 

180 

170 

160 

150 

140 

130-1 

-2 

-3 

-J.l 

-5 

-6 

-7 

-a 
-9 

- 10 

APPENDIX C 

PARTS LIST 

SUB-ASSY #200 

QTY. - 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

NOMENCLATURE 

DRIVE SHAFT 

DRIVE SHAFT 

LOCK RING (SPANNER TYPE) 

LOCATING RING (DRIVE SHAFT) 

DRIVE P I N  

FLAT WASHER (DRIVE SHAFT T O P )  

FLAT WASHER ( D R N E  SHAFT LOWER) 

S T O P  R I N G  

S T O P  R I N G  

S T O P  RING 

S T O P  RING 

S T O P  RING 

S T O P  RING 

S T O P  R I N G  

S T O P  RING 

S T O P  RING 

S T O P  RING 
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a 

PART NO. 

120- 1 

-2 

-3  

-4 

-5  

-6 

-7 

-a 
-9 

110- 1 

-2 

-3  

-4 

- 5  

-6 

-7 

-a 
-9 

- 10 

APPENDIX C 

PARTS LIST 

SUB-ASSY B O O ,  CONT. 

QTY. - 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

NOMENCLATURE 

FLAT WASHER (STOP 

FLAT WASHER (STOP 

FLAT WASHER (STOP 

FLAT WASHER (STOP 

FLAT WASHER (STOP 

FLAT WASHER (STOP 

FLAT WASHER (STOP 

FLAT WASHER (STOP 

FLAT WASHER (STOP 

RING) 

RING) 

RING) 

RING) 

RING) 

RING) 

RING) 

RING) 

RING) 

SPRING,  FLAT (STOP RING)  

SPRING,  FLAT (STOP RING)  

SPRING,  FLAT (STOP RING)  

SPRING,  FLAT (STOP RING)  

SPRING, FLAT (STOP RING) 

SPRING,  FLAT (STOP RING)  

SPRING,  FLAT (STOP RING)  

SPRING, FLAT (STOP RING) 

SPRING,  FLAT (STOP RING)  

SPRING,  FLAT (STOP RING)  

-27- 



PART NO. 

300 

100 

200 

295 

290 

285 

280 

275 

265 

260 

255 

2 50 

245 

240 

235 

2 30 

22 5 

220 

215 

210 

APPENDIX c 
PARTS LIST 

ASSEMBLY #300 

QTY. - NOMENCLATURE 

TOP ASSEMBLY 

HOUSING ASSY. 

DRIVE SHAFT ASSY. 

CALIBRATION GEAR HOUSING 

LOCK DRIVE SHAFT 

P I N ,  DRIVE SHAFT LOCK 

SCREW, ALmm 

HOUSING, GEAR 

GEAR, ROLLER BEARING 

RING, HOLDING 

P I N ,  KEEPER 

S P R I N G  PRESSURE 

WASHER, BEARING 

BEARING (LOWER DFUVE SHAFT) 

POST, STAND-OFF' 

SCREW (POST, STAND-OFF) 

SCREW, P O S T  (POST, STAND-OFF) 

PLATE, LOWER (CASTING) 

WASHER, FLAT KEY 

STAND-OFF' THmADED 
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, 
I 

A P m M  c 
B I O  ASSAY GROUPS PARTS LIST 

(#300 Timer Assembly) 

1. (4) e10 STAND-OFF THREADED, (3) #230 SCREW 

(1) #225 SCREW, POST AND (4) #235 POST, STAND-OFF 

2 .  (1) #220 PLATE, LOWER (CASTING) 

3. (4) #215 WASHER, FLAT KEY 

4. (1) #24O BEARING, (1) #245 WASHER, BEARING 

(1) #255 P I N ,  KEEPER AND (1) #260 RING, HOLDING. 

5. (1) #250 SPRING,  PRFSSURJ3 

6. (1) #265 GEAR, R O L U R  BEARING. 

7. (1) #275 HOUSING, GEAR 

8. (2)  #280 SCREW, ALIEN, (1) #290 LOCK, DRIVE SHAFT 

#285 P I N  DRIVE SHAFT LOCK AND (1) #295 CALIBRATION GEAR HOUSING 

9. (5 )  #140 WASHERS, FLAT (DRIVE SHAFT LOWER) AND 

10. 

11. 

12. 

13 

14. 

15 

16. 

17 

18. 

19 

20. 

(2) 

(1) #160 DRIVE P I N ,  (1) #170 LOCATING RING AND 

(1) #180 LOCK RING. 

#150 WASHER, FLAT (DRIVE SHAFT TOP) 

(10) #130-1 THRU-10 S T O P  RING 

(10) #llO-l THRU-10 SPRINGS 

( 9 )  #120-1 THIN-9 WASHERS, FLAT 

(1) #190 DRIVE SHAFT 

(3) #70 SCREWS 

(1) #80 HOLDING RING 

(10) #61-1 THRU-10 LOCK ARMS 

(10) #50-1 THRU-10 WASHERS, FLAT 

(10) #40-1 THRU-10 SPRINGS 

(1) #90 HOUSING 
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